Introduction
Soya isoflavones are functional phytoestrogenic products with a similar structure and function as human oestrogens. The benefits of soya bean for human health include prevention of certain types of cancer (Adlercreutz, 1995) , reduction of the risk of osteoporosis (Adlercreutz, 1995) , mitigation of climacteric symptoms (Burton and Wells, 2002) , regulation of mineral levels (Greendale et al., 2002) , reduction of plasma cholesterol (Ho et al., 2000) , stress relief because of the antioxidant activity of some soya bean substances (Arora et al., 1998) . In addition to these effects of isoflavones, some other reports describe fertility-enhancing effects as well as reproductive problems (James et al., 1994) and thymic atrophy (Yellayi et al., 2002) .
Some authors have suggested that isoflavones cause growth problems and mortality in birds (Payne et al., 2001) . They also reported that isoflavones influence carcass characteristics and broiler growth. Lin et al. (2004) reported that isoflavones could be transferred into chicken and quail eggs. The transfer of isoflavones into egg yolk was also reported by Sanshiroh et al. (2001) , who noticed that isoflavone transfer peaked on the 10 th day of administration to poultry. Woo-Keun et al. (2004) analysed the possibility of transferring genistein and daidzein from soya germ into egg yolk and reported that 5% to 10% supplementation of soya germ to hen feed significantly increased the amount of these isoflavones in the yolk.
This experiment was conducted to demonstrate isoflavone transfer into egg yolk with the aim to examine the possibility of enriching eggs with these compounds (daidzein and genistein).
ABSTRACT. Soya isoflavones are compounds with phytoestrogenic characteristics, i.e. because of their structure, their effects are similar to those of animal estrogens. This is why they are used for medicinal purposes in aging women. The presented experiment with laying hens was conducted to demonstrate the possibility of transferring soya isoflavones from feed into egg yolk to produce isoflavone-enriched eggs. Laying hens were randomly assigned to a control and 3 experimental groups and fed a basal diet or the basal diet supplemented with different concentrations of isoflavones: 1000, 2000 or 3000 mg · kg -1 feed. The transfer of isoflavones (daidzein and genistein) from the feed into the egg yolk of treated hens was found to be significant. At the end of the experiment, the content of the analysed isoflavones was from 396.0 to 412.4 μg.
Material and methods
The experiment was performed on ISA Brown laying hens, 27 weeks old at the beginning of the experiment, randomly assigned to 4 groups, 20 birds per group. The hens were housed in laying cages (2 birds per cage) in a standard poultry house set to a 16L:8D cycle. The laying hens were fed 120 g basal feed per day (control group) and the same amount of isoflavone-supplemented feed per hen in the experimental groups. Water was offered for ad libitum consumption throughout the experiment, which was conducted for three months.
Laying hens were randomly assigned to receive basal feed (without additional isoflavones), and 1000, 2000 or 3000 mg supplemented isoflavones per kilogram of feed. The experimental feed was supplemented with a concentrated product, 40% isoflavones, produced by the North China Pharmaceutical Corporation. The isoflavone composition of the product is presented in Table 1 . The composition and nutritive value of the experimental diet is presented in Table 2 .
The basal feed was the control, and the supplemented basal feeds were experimental.
The body weight of the experimental hens was determined every week during the experiment. Mortality was recorded daily. Egg production was monitored daily. , days because analysis showed that the results were similar. The eggs were measured, cracked, after which the shells were measured and discarded. The egg white was measured and the yolks were separated and measured, then mixed, homogenized, stored frozen and analysed no later than by 7 days.
Extraction of isoflavones (genistein and daidzein) from the egg yolk was performed according to Lin et al. (2004) . A Perkin Elmer 2000 HPLC system was used for analysis of genistein and daidzein. The equipment consisted of a pump, UV-visible detector, an autosampler, computer system, and a Nova-Pak С18 column (3.9 × 150 mm 4 μm, Waters Corp., Ireland). Data were tested for significance using analysis of variance, the F-test, and linear correlation coefficients according to Snedecor and Cochran (1989) .
Results
The effects of additional isoflavones on the productive performance of experimental layers are presented in Table 3 .
Body weight changes at the end of the experiment were not significantly different (p > 0.05) in the treated groups compared with the control.
Egg production, egg weight and daily egg mass production also were not significantly different (p > 0.05) in hens treated with additional isoflavones compared with the control group. Supplementing isoflavones did not affect the structure of the eggs or feed conversion efficiency in comparison with the control. 
AI -added isoflavones
The transfer of genistein into egg yolk is presented in Table 4 .
The concentration of genistein in eggs from the treated hens increased from the 7 th day of the experiment and this trend continued to the end of the study (3 rd month). The average amount of genistein in the egg yolk was significantly higher (P < 0.01) in the eggs produced by laying hens fed with 1 g (214.0 mg genistein and genistin), 2 g (428.0 mg genistein and genistin), and 3 g of additional isoflavones (642.0 mg genistein and genistin) per kg feed, compared with those eggs produced by layers fed the basal feed, but differences among the experimental groups were not found. There was a positive correlation between the transfer of genistein from the supplemented feed into the egg yolk and the duration of the experimental period (r = 0.795) lasting 3 months.
The transfer of daidzein (Table 5 ) was found to occur when feed was supplemented with isoflavones at 1, 2, and 3 g · kg -1 (596.5, 1193.0 and 1789.5 mg daidzein and daidzin per kg feed).
The content of daidzein in the egg yolk increased significantly in the experimental groups compared with the control (P < 0.01). Also, the increase of daidzein in egg yolk correlated with the duration of treatment (r = 0.858). Thee total amount of genistein and daidzein transferred into hen eggs is presented in Table 6 . The highest level of phytoestrogens (genistein and daidzein) was recorded on the 90 th day of treatment in the yolk from the experimental hens. The content of genistein and daidzein in egg yolk was significantly increased (P < 0.01) in the experimen-tal groups, but the higher supplementation (2 and 3 g · kg -1 ) did not affect the concentration of genistein and daidzein in egg yolk. The increase in the total amount of genistein and daidzein in the egg yolk of the hens treated with different levels of isoflavones correlated (r = 0.843) with the duration of treatment. The differences in the average amount of isoflavones among the control and experimental groups are significant (P < 0.01).
Discussion
Isoflavones act as antioxidants in vitro and in vivo in animals and humans. Genistein directly scavenges free radicals by inhibiting formation of hydrogen peroxide. These biological effects may also apply to poultry. Isoflavones act as oestrogens and play a key role in the biosynthesis of egg components. Feeding high concentrations of these compounds enhanced the egg production rate (Sanchiroh et al., 2001 ).
The present study demonstrates that inclusion of isoflavones in the diets of laying hens had no adverse effects on egg production, egg quality, feed consumption or conversion efficiency (Table 3) . There was a positive effect on laying intensity in the experimental group fed 3000 mg AI per kg feed in comparison with the other experimental groups (1000 and 2000 mg AI) and the control group. Akdemir and Sahin (2009) reported that the use of 800 mg genistein per 1 kg feed increased the egg production of the quails and improved egg weight.
In this experiment, addition of the largest (3 g · kg -1 ) amount of isoflavones (642 mg genistein and genistin) to the diet was not more effective than the lower amounts, 2 g · kg -1 (428 mg genistein and genistin) and 1 g · kg -1 (214 mg genistein and genistin) in transferring genistein into egg yolk (Table 4 ). The supplemented diets increased the amount of genistein significantly (P < 0.01) in comparison with the control group. The obtained results demonstrate a clear tendency towards increasing the amount of genistein in egg yolk in correlation with the duration of the experiment (r = 0.795). These results are supported by the earlier research by Sanshiroh et al. (2001) .
The transfer of daidzein from supplemented isoflavones (1, 2 and 3 g · kg -1 ) containing 596.5, 1193 and 1789.5 mg (daidzein and daidzin) per kg feed did not correlate with its concentration in the feed (Table 5 ), but was significantly increased (P < 0.01). The concentration of daidzein increased with the duration of treatment (r = 0.795). In this study, the lowest level of the two phytoestrogens was on the third day and the highest level, on the 90 th day of treatment. Sanshiroh et al. (2001) also reported that an isoflavone-enriched diet (1240 mg · kg -1 ) slightly increased the isoflavone content in egg yolk by the third day of feeding and reached a 65.29 mg . 100 g -1 on the 12 th day. Woo-Keun et al. (2004) supplemented soya germ to feed (5% and 10%) and found that the genistein level in egg yolk peaked at the end of the second week of treatment. Their experiment lasted 3 weeks. In it, the daidzein concentration was also found to increase to 8 ppm during 3 weeks when 10% soya germ was added to the feed, which is a result similar to ours. In our experiment, however, the concentration continued to rise until the end of the 3 rd month. The sum of genistein and daidzein concentrations in egg yolk had the same increasing trend as that of the individual results of genistein and daidzein; the results were summed to show the total quantity of isoflavones enriching eggs.
The daily requirements of isoflavones for humans with hormone deficits vary, but these enriched eggs can be considered a good source of phytoestrogen hormones with better availability than crude isoflavones from the soya bean (Sanshiroh et al., 2001 (Sanshiroh et al., ,2004 Lin et al., 2004; Woo-Keun et al., 2004) .
Additional studies on the availability of animal-based isoflavones and evaluation of the effect of isoflavone-enriched eggs on human health are nonetheless required. Also, more models should be developed to investigate the question on how to increase the isoflavone concentrations in eggs.
Conclusions
Feeding laying hens with high concentrations of isoflavones supplemented to feed affected the concentration of genistein and daidzein in the yolk. The level of genistein and daidzein in the egg yolk at the beginning of the treatment was low (5.1 to 7.0 μg · g -1 ) and reached a maximum on the 90 th day. Enrichment ranged from 3.44 (daidzein) to 4.47-fold (genistein) in comparison with the control group .
In one average yolk, at the end of the experiment the isoflavone concentration was from 396.0 to 412.4 μg, making it a good source of oestrogenlike compounds.
Oestrogens play an important role in hen egg production, and in the functional properties of eggs as food products for promoting human and animal health.
